Objective: The objective of this study is to evaluate medical students' perceptions of acceptability of a simulation-based lumbar puncture (LP) course and its effect on standardized LP performance four weeks later. Tests were also conducted to find out whether skills were improved by including a clinical case to establish the relevance of the learning material in the LP course.
INTRODUCTION
Simulation is well established within healthcare training and practice. An extensive body of literature verifies its use for learning clinical procedures, both simple and advanced [1] . Compared to other ways of teaching, clinical skills would seem easier to master because students tend to remember 90% of what they do but only 10% of what they read [2] . Procedures range from venipuncture and tying surgical knots to highly complex surgical operations, while the simulations themselves range from simple physical models to sophisticated virtual reality computer systems [3] . Simulation technology increases procedural skills by providing the opportunity for deliberate practice in a safe environment [4] . There has been even more focus on this topic since the Objective Structured Clinical Examination (OSCE) was established at many medical universities worldwide. As technology advances, and as the climate of clinical education puts more emphasis on simulation as a safe substitute for practicing on "real" patients, the range of available simulations will inevitably increase. It is therefore appropriate to examine the characteristics of a successful simulation in terms of learning and clinical outcome.
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The teaching as well as the assessment of clinical skills are important in medical training [5] . Assessment is one important step in the learning and teaching process. There are several testing models, e.g. written papers with different question formulas, computer-aided assessment and oral exams, as well as practical exams with actual or standardized (simulated) patients. A recent development has been made to increase the testing of medical students in many aspects regarding their clinical skills. Most medical schools have well established assessment formulas and routines for teaching and testing medical students which were implemented for good reasons in the past. They should, however, certainly be reconsidered when new needs arise and when new opportunities or concepts become available.
Medical literature shows that performing more repetitions of procedures leads to greater confidence in performing those procedures [1, 6, 7] . The locations of the peripheral venous line [8] , the central venous lines [9] , as well as the intubation [10] have been studied which revealed that increased exposure to a specific procedure improves the knowledge and skills required for that particular procedure. In one study, first-year residents reported that 29% of interns had not yet performed a lumbar puncture (LP) during medical school, and only 9% had performed more than five LPs [11] . One study of acting interns reported that the majority of medical students felt comfortable performing most proce-dures again except for LP [12] . A literature search did not, however, find that this skill had been tested in medical students together with a clinical case. The skills training center at the Faculty of Medicine at the University of Oslo is based on the model from the University of Maastricht in the Netherlands [13] . Here medical student instructors are taught by professors who are specialized in the different topics and who are mainly responsible for teaching the different courses. Both the level of competence and knowledge and the manuals for the different courses are quality assured by these professors. The question of the need to repeat the courses is always asked: how often and with which time frame should the repetition be performed? The question is also raised as to whether more clinical information should be added to the simulation-based courses to establish the relevance of the learning material and subsequently improve the learning process of the skills.
The objective of this study is to evaluate medical students' perceptions of the acceptability of a simulation-based LP course and its effect on standardized LP performance four weeks later during their pediatric term (one year after their neurological term). Tests were also conducted to find out whether skills were improved by including a clinical case in the course.
METHODS

Design
Questionnaire
After the medical students had completed their courses in the neurological term one year prior to the pediatric term, a questionnaire developed by the Faculty of Medicine at the University of Oslo was used to evaluate whether the medical students found the LP simulation-based course acceptable for learning LP skills. The questionnaire is simple and informative, and it explores objectively whether the course has the satisfactory level required by the medical students ( Table 1) .
Trial
To conduct the trial, the pediatric term was chosen because by then all the medical students had completed the neurology term and should thus have learned how to perform an LP. It was expected that the medical students were motivated to perform their newly acquired LP skills during the pediatric term when LP is also a topic from a clinical point of view. Medical students in their pediatric term (n=45) were asked if they wanted to participate in the trial. They were informed how the test was organized and about the three different groups. The medical students who participated were voluntarily and randomly divided into three groups. The simulation group was offered only the LP course, while the simulation and clinical case group was offered a clinical case leading to performing LP on an infant (see Table 2 ) before performing the LP course itself. A pediatrician discussed this clinical case with individual medical students in the simulation and case group for about 15 minutes. Four weeks after the LP courses the groups were tested in simulation together with a control group that had attended neither the LP course nor the clinical case. The testing was conducted by awarding points, up to a maximum of 26, for the different correct actions performed during the LP procedure (see Table 3 ). The set-up of the test is shown in Fig. (1) . Lumbar Puncture Simulator II, Limbs & Things Ltd., Sussex Street, Bristol, UK, was used in the test (see Fig. 1 ).
The medical student instructors conducted both the LP simulation-based courses as well as evaluating the participating medical students when they were tested with the LP test. The medical student instructors were taught by the professor of neurology who was in charge of the lectures on the performance of the LP. Once the testing had been completed, the medical student instructors were asked whether the LP course and LP testing they had been conducting had been easy or difficult to perform. 
Statistics
The results of the questionnaire regarding the LP simulation-based course are presented with mean (+/-SD). There are about 90 medical students in each term, and 50% of these were carrying out their pediatric practice weeks when the LP trial was conducted, whereas the other 50% were undergoing their gynecological practice period. Based on Barsuk's 2012 study performed on residents both with and without experience of the simulation-based LP skill course, the skills acquired after the LP course increased with nearly no overlap between the residents who had performed the course compared to the residents who had not performed the course [14] . The aim of this study was to include about ten medical students randomly in each of the three groups: the skill and case group, the skill group and the control group. The result You will gather more information about the patient prior to further examination and treatment. What are your prioritized questions? 6.
You get to know: -Christian has been well prior to this event, and has been on the established vaccination programmer.
-He has been ill for 18 hours.
-His illness started with a high temperature.
-He has vomited the last six hours.
-He has been irritable and drowsy the past three hours.
-Jerky movements of the left arm for two minutes prior to arrival at the hospital. You will continue your examination and treatment of Christian. Evaluate the following statements for right (R) and wrong (W): R W □ □ Tachycardia is an early sign of septicemia in infants □ □ Monitoring of blood pressure is important in this patient □ □ Hypothermia may be a sign of septicemia □ □ Early complete neurological examination is of high priority in this case □ □ An intravenous line should wait till after completion of the clinical examination □ □ A normal fontanel greatly reduces the probability of meningitis in this patient □ □ Examination for neck-stiffness requires a different technique in infants than in adults □ □ Kerning's test is a sensitive test for meningitis in this patient □ □ Tachypnea is a sensitive parameter for septicemia and meningitis in infants numbers of the testing are given with mean (SD) and (range). Non-parametric tests (Mann-Whitney U test for two samples) to compare the groups were performed between the skill and skill-case group, the skill and the control group, and between the skill-case group as well as the control group. The statistical significant value was p<0.05. 3 points (-½ point for each thing forgotten, -½ point for each second thing which is unnecessary).
½ point for each correct tube market with its content.
2.
Demonstrate knowledge of correct anatomic location for the LP procedure Palpation of cristae iliaca, both sides and show a fictive line between the upper cristae iliaca superior, level L3-L4.
Palpation the deepest space between the two processi spinosi, Mark or show the stick spot with the nail or a pen in middle line, L3-L4, L4-L5, and L5-S1 are acceptable. 
4.
Installing the needle Take the needle in the hand, localization of the stick spot with opposite hand and establish the needle in the location of the injection spot.
Tell the patient that you will give an injection.
Quick injection through the skin
Correct angle of the needle toward umbilicus with the stylet. Slowly advance the needle with periodic checking CSF (removal of stylet) until space entered.
Place the stylet into the needle when preparing the manometer in order to avoid losing CS. Remove the needle and place dressing. The needle is removed and sterile compress with tape is placed above the injection spot. 
RESULTS
When using the questionnaire developed for evaluating the lectures at the University of Oslo, the LP simulationbased course was evaluated by medical students who had completed the neurological term as appropriate regarding the amount of learning material, tempo and degree of detail (see Table 4 ). Table 4 also shows that the medical students found the courses relevant, and considered the performance and total value to be satisfactory. Thirty students participated in this voluntary study. The medical students in the skill group (n=11) performed on a similar level when compared to the students in the skill and clinical case group (n=9), with a mean of 14.2 (+/-4.4) (7.1-21) and 13.9 (+/-4.3) (9.8-21) respectively, and better than the control group (n=10) with a mean of 5.6 (+/-48) (-1-17), (p<0.01). There were four student instructors who gave the LP courses and who passed judgment when the medical students were tested for the LP procedure. All these medical student instructors were of the view that both the simulation-based LP course and the LP testing were easy to conduct.
DISCUSSION
The purpose of this study, conducted during the pediatric term, was to evaluate the medical students' perceptions of acceptability of a simulation-based lumbar puncture (LP) course and its effect on standardized LP performance four weeks later. Tests were also conducted to find out whether skills were improved by including a clinical case to establish the relevance of the learning material in the LP course. The LP simulation-based course was evaluated as appropriate by medical students who had completed the neurological term regarding the amount of learning material, tempo and degree of details. The medical students also found the courses relevant and considered performance and total value to be satisfactory. The medical students in the skill group performed on a similar level when compared to the students in the skill and clinical case group, and better than the control group. The results of the testing of the effect of the skills both including and not including a clinical case revealed that statistically speaking the skill and clinical case group and the skill group performed significantly better than the control group. Interestingly, this study was not able to find that a clinical case to establish the relevance of the learning material in the course improved the LP skills. One reason for this may possibly be the low number of medical students in the groups. Another reason might be that these medical students already clearly saw the relevance. The medical students' perceptions of the LP simulation-based course should be similar among the groups since the students had the same neurological background. A bias related to this aspect is possible although Fig. (1) . Photograph of the trial set up prior to the simulation-based lumbar puncture testing. improbable. The number of participants in this study was based on the number of residents in the Barsuk, et al. 2012 study where the results after the LP simulation-based course showed an improvement without overlap compared to the performance of the residents who had not completed the course [14] . In our study, however, all the medical students had passed their exams in neurology. This examination had taken place one year previously during the term in which LP was one of the teaching goals. Nonetheless, those medical students who did not complete the LP course during the pediatric term performed poorly. This indicates that there is a need for repetitive skill courses. In addition, the medical students who completed their courses four weeks prior to the testing did not have particularly high test scores. Possible reasons may be that high test scores were too difficult to obtain, see Table 3 , that the examiner did not give sufficient extra marks (5 available, see Table 3 ) for the general impression, or that during the four weeks between the course and the testing the medical students forgot the skills from the course -a course that was not compulsory during the pediatric term. In another study, the testing of the LP skills of residents was performed immediately after the simulation course, and the improvement in skills then increased dramatically [14] . In Barsuk's 2012 study the residents were also tested in a clinical situation that required LP skills, and were therefore particularly motivated to learn these skills. When testing internal medicine residents' LP skills, a minimum pass score level was developed. Prior to the LP skills course, hardly any of the residents obtained the minimum pass score. After the LP skills course, however, all the residents obtained the pass score [14] . It would possibly be interesting to introduce a minimum pass score for medical students that should be obtained in the skills training center before allowing medical students to perform LP on patients. Interestingly, patients are more willing to allow medical students to perform procedures such as venipuncture, LP or central lines on them after they have undergone simulation training [15] . Published literature on the subject tells us that learning LP vicariously by observing procedures performed by peers should not be recommended. This method of learning leads to uneven skill acquisition and trainee discomfort [16] . The medical student instructors, who both taught the medical students on the LP simulation-based course and evaluated these students when they were tested, reported that the method was easy to perform.
Improperly performed medical procedures carry a high risk of adverse medico-legal and personal health consequences and may cause patient harm and even death. Techniques and established methods for evaluating the performance of medical procedures are therefore needed. Modeling and simulation have gained acceptance, and evaluation "in vivo" has been suggested as the best method [17] . Others suggest that technical skills might be moved from the clinical setting into simulation laboratories. Interestingly, when evaluating twelve technical skills of 20 surgical residents both "in vivo" and at simulation models, the two methods performed similarly in most respects [18, 19] . Simulation has been used to evaluate possible gaps in the skill of medical students and residents during the management of acutely ill patients [20] . In the study conducted by Young et al. in 2007 , medical students and residents were assessed in their management of high-risk scenarios and Young et al. tried to find a steady increase in performance for each level of lecture-based and problem-based training. Worth noting is that when the medical students and residents were assessed, they performed equally poorly in comparison with the expertattending comparison group [21] . This performance deficit indicated that there might be a deficiency in the current model of the lecture-based and problem-based learning model of teaching. For this reason there may be potential dangers within the current medical system regarding residents deciding to perform critical actions. As a teaching tool, simulation-based teaching has proved to be superior to the traditional problem-based learning model. When fourth-year medical students were randomized to receive a problembased learning or simulation-based teaching training intervention for the management of acute dyspnea, the results showed that the group receiving the simulation intervention performed significantly better with a greater improvement in scores from baseline than the problem-based learning group [22] . Furthermore, 208 medical students demonstrated significant improvement in clinical skills and knowledge when they were trained on a cardiology patient simulator during a fourth-year cardiology apprenticeship in comparison with standard bedside teaching [23, 24] . Similar findings have been shown in medical house staff during simulation-based teaching [25, 26] . Simulation technology gives us the opportunity to develop valid, reliable and workable methods to assess clinical skills. The simulation courses cost relatively little to implement, especially when performed by medical student instructors on low salaries.
To conclude, this study demonstrates that a simulationbased course boosts LP skills in medical students. Including a clinical case in the course did not improve the performance of LP skills in this study. Based on these results, we believe that a procedural standard in LP skills at the skills training center should be set and documented for all medical students prior to them performing LP in actual clinical care.
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